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Chapter one Transition element 
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Economic importance: 


1 - Scandium: It is found in very small amount spread on a large area in the earth's crust. 
On adding a little amount of scandium to aluminum it gives light and very hard alloy used 
in manufacture of Mirage fighter also it is added to Mercury vapour lamps to produce light 
with high quality looks like sun light , so it is used in TV Photography at night. 

2- Titanium: Strong element of rigidity as steel ,but it is less denser than steel, its alloys 
are used in the manufacture of aircraft and space shuttle because it maintains its durability 
at high temperatures while the hardness of aluminum decrease, it is used in the dental 
implants and Industrial joints because,the body does not eject it and does not cause any 
type of poisoning fromthe famous Titanium compound Titanium dioxide (TiO) that is 
used in Sun protection cosmetics, where minute nanoparticles prevent effect of the UV on 
the skin. 

3- Vanadium: when we add a small portion of it to the steel a high hardness alloy is 
formed and has great ability to resist corrosion so it is used in the manufacture of car 
springs. The important compounds of vanadium: Vanadium penta oxide is used in 
manufacture of dyes used in ceramics and glass industry; also it is used as a catalyst and 
manufacture of strong magnetic conductors. 


NA 
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4- Chromium: It is chemically active metal but it resist the effect of the atmospheric air 
due to the formation of a metal oxide on its surface , in which the molecular volume of the 
produced oxide is larger than that of the metal which forms a nonporous layer of metal 
oxide that prevent the continued interaction with oxygen of air, Chromium is used in metal 
plating and leather tanning. The important compounds of chromium: Chromium III oxide 
و60‎ that used in manufacture of dyes and potassium dichromate(K;Cr;O;) that used as 
oxidizing agent. 
5 - Manganese : Manganese is not used as a pure metal because it is brittle metal so 
always used as alloys or compounds. Ferromanganese alloy is used in railway track, because 
itis harder than steel, aluminum and manganese alloys are used in manufacture of Soft 
drinks vessels (cans) because it resists corrosion. The important compounds of manganese: 
Manganese dioxide MnO; which acts as strong oxidizing agent used in dry cell , potassium 
permanganate KMnO, that used as antiseptic substance and manganese II sulphate K,SO, 
that used as a fungicide. 
6- Iron: Used in manufacture of concrete, electricity pylons, knifes, gun and cannons 
pipes and surgical instruments. Also used as a catalyst in the manufacture of ammonia by 
Haber-Bosch method and the conversion of water gas (mixture of hydrogen and carbon 
monoxide) to a fuel by Fischer-Tropsch method. 
7 - Cobalt: It is similar to iron in which both of them can be magnetized so they are used 
in the manufacture of magnets. Cobalt is used in manufacture of modern dry batteries that 
used in cars. Cobalt has twelve radioactive isotopes, cobalt 60 is very important one 
because it produces gamma rays which have high penetrating power so it is used preserving 
food, in industry used for the detection about the quality of the industrial products, 
whereas it detects about welding cracks, links sites and in medicine used for detecting and 
treating tumors. 

8 - Nickel : 
It is used in the manufacture of nickel - cadmium battery which can be recharged. It forms 
with steel alloys which are hard and resist rust and the effect of acids. Nickel chromium 
alloys are used in heaters and electric furnaces coils because they resist corrosion at high 
temperature, nickel is used for panting the other metals to protect them from oxidation and 
rust and give these metals beautiful appearance. Finally divided nickel is used as a catalyst 
like in hydrogenation processes of oil. 
9- Copper: Copper is the first discovered metal, copper ten alloys are known as bronze 
alloy. Copper is good conductor of electricity so it is used in electric cables and coins 
industry, copper Il sulphate CuSO, is used as insecticide and fungicide in the purification of 
water. Fehling solution (one of copper compounds)is used to detect glucose in which its 
blue colour changes to orange. 
10 - Zinc: It is used in the galvanizing other metals to protect them from rusting. Zinc 
oxide ZnO is used in the manufacture of paints, rubber and cosmetic materials, zinc 
sulphide ZnS is used in manufacture of lighted paints (coatings ) and x-ray screens. 


NV 
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The Electronic Configurations and Oxidation states: 


The The The electron | oxidation | Some of the compounds 

element | group configuration | states 

28c IIIB [Ar]4s^3d! |3 Sc20; 

x Ti IVB [Ar4s3d |2,34 TiO,, Ti;O,, TiO 

m VB [Ar]4s,3d |2,3,4,5 |V;,0;, VO, V203, VO 

iC VIB [Ar],4s',3d° |2,3,6 CrO;, Cr,:O,, CrO 

asMn VIIB [Ar],4s°,3d° |2,3,4,6,7 | MnO;, Mn;O;, MnO 
KMnO, , K;MnO, 

Fe VIII [Ar]4s3d? |2,3,6 Na;FeO, , Fe;O;, FeO 

27C0 VIII [Ar]4s,3d |2,3,4 , CoCl; , CoCl, 

Ni VIII [Ar]4s^3d* |2, 3,4 NiO, ‚NiO; ,NiO 

adu IB [Ar]4s 3d |1,2 CuO ,CuO 

ao £t IIB [Ar]4s,3d? |2 ZnO 


show the colours of some hydrated ions of the metals of the first transition series. 


No. of electrons in | The colour No. of electrons in 3d | The colour 
3d of the ion of the ion 

Se (aq) (34^) colourless Fe" (3d) Yellow 

Ti ay (Gd) red purple Fea) Qd) | Green 
Va — Qd) Blue Co" o (3d) Red 
Crag (34) Green Ni” ap (3°) Green 
Mn", (d) Violet Cua) Gd) Blue 
Mn”ap (d) Red (pink) Zn” ay (34 colourless 


\VA 
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The general properties of the first transition elements : 


The The The The The boiling 
The element atomic | atomic | density | melting | point °C 

mass radius | g/cm | point °C 
Scandium Sc | 45 1.44 3.10 1397 3900 
Titanium Ti | 47.9 1.32 4.42 1680 3130 
Vanadium V |51 1.22 6.07 1710 350 
Chromium Cr |52 1.17 7.19 1890 2480 
Manganese Mn | 54.9 1.17 7.21 1247 2087 
Iron Fe | 55.9 1.16 7.87 1528 2800 
Cobalt Co |58.9 1.16 8.70 1490 3520 
Nickel Ni | 58.7 1.15 8.90 1492 2800 
Copper Cu |63.5 1.17 8.92 1083 2582 


Extraction of Iron from the Ores 


1- Improving the physical and mechanical properties of iron: 
Crushing processes : The obtain the ore in suitable size to be easily reduced. 
Sintering processes: The process of treating fine particles of iron ores to obtain large 
particles. 
Concentrating process: This process is used to removes most of the impurities which are 
chemically combined or mixed with the ore, this is formed by using the surface tension 
or magnetic or electric the obtain the ore in suitable size to be easily reduce 
2-Improving the chemical properties: Roasting 

a) Drying the ore and expelling humidity, to increase the percentage of iron in the ore. 


2160030 —*> 2FeO( sk 2002 


(48.2%Fe) 


2FeO& +% Ox) —A> Fej05G) :(69.6%Fe) 


۹ 
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2 FeO; .311206( KA09sFe) جحلل‎ 2Fe2036) \(69.6%Fe) د‎ 3H;0 v 


b) Oxidation of some impurities such as sulphur and phosphorus. 


50g‏ حش t Ox‏ مد 
4P«) + 505g —A—> 2P505‏ 


Types of alloys: 


1-Interstitial alloys: 
Pure iron, as other metals, is formed ofa Crystal lattice of metal atoms are arranged in 
compact closed rows. On hammering, a layer of metal atoms Can slip one over the 
other. 
However the introduce an element with small atomic size to another pure metal in the 
Intermolecular spaces of the crystal lattice of the main element this prevent the 
movement of the metal layers this will increase the hardness of the metal and change 
the physical properties of the metal like malleability , ductility melting point ,electric 
conductivity and magnetic properties of metal. Such as iron and carbon alloy (Steel). 
2-Substitution alloys: 
In this type of alloys some of the atoms of the pure metal are replaced by atoms of other 
metal which having the same atomic radius ,crystal lattice and the chemical properties 
such as( Ferrochrome alloy) in the stainless steel, ( copper- gold alloy) and (ferronickel 
alloy) . 
3) Inter-metallic alloys: 
In this type of alloys the elements forming the alloy combine with each other chemically 
to form chemical compound. its formula disobey valence law, and the compounds 
formed are solids consists of metals are not in the same group in the periodic table, 

such as Aluminum —Nickel alloy( Ni3Al) which is called Dure alumin 

and lead - gold alloy (Au;Pb) and cementite (Fe3C) 


Iron reactions : 
a) Drying the ore and expelling humidity, to increase the percentage of iron in the ore. 
FeCOs A+ FeOy + COs, 
An 9% iron 


2) hy *40, لمحي‎ Fe: (AWS) 


2Fe;0 SHO) xe —— 2Fe;O\ cower 43H40. 


b) Oxidation of some impurities such as sulphur and phosphorus. 


S40, حش‎ so, 
(s) ^g) (و“‎ 


4P + 50, حش‎ 0. 
is) ^is!) =~ (و‎ 
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Second : Reduction of Iron Ores 


a) Reduction, by carbon monoxide resulting from coke in the blast furnace. 
Co + Oxo > | CO 


CO», + Co 4> 200) 


3COʻo) us Fe;04——9 2Fe + 3 CO» 
b) Reduction by a mixture of carbon monoxide and hydrogen ( water gas)resulting 
from natural gas (93% methane) in the midrex furnace. 
2Fe203() + 360 +3Hy — A . 4Fe(jt 3002) +3120) 


Iron properties : 
1. Effect of air : 
3Fe + 20, —À—- FeO, 


2. Effect of water : 


5 
3Fe + 4H,0 كلك‎ Fe,O, + 4H, 


3. with non-metals : 


2Fe + 3CI, - 2FeCl,. 
+ و‎ Fes, 
4. with Acids: 


Fe + H,SO, - 8 FeSO, + H, 


Fe + 2HCI - 4 


FeCl, + H, 


3Fe + 8H,SO, E FeSO, + Fe,(SO,),+ 4S0, + SHO 


Iron Oxides : 


1-Iron (II) Oxide Fe 0 : . 
Preparation : 


| ; Fe in dol of air FeO+CO+CO, 


COC (s) (s) (£) (g 


400-700? C 


Fe,O, +H, “للك‎ 52 FeO + H,O 


\A\ 
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Properties : 
Fe,O, +H, —“™* 43 FeO + H,O 


4 FeO + O, —*>2 Fe,O, 


FeO+H,SO, —“ > FeSO, -H,O 
(s) (aq) (aq) (I) 
2- Iron (IIl)oxide Fe,03: 
Preparation: dis 


FeCl, +3NH,OH — Fe(OH), + +3NH,Cl 
2Fe(OH), “> Fe,0,+3H,O 


200°c 
2 FeSO, —^Fe,O, + SO, + SO, 
Properties: 
Fe,O, + 3H,SO, —*—>Fe,(SO,),+ 3H,O 


conc. 


3- The black oxide (magnetic iron oxide) Fe30,: 
Preparation : 
3Fe,0,4-CO —B39* 5E O CO, 


Properties : 


Fe,O,4H,SO, — 1> FeSO,-Fe,(SO,),4H,O 


1 
2Fe,O, + 3 O, جف‎ 3Fe, O, 


\AS 
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Chapter two Chemical analysis 


Mole : Quantity of substance which contains Avogadro's number of particles 
(Molecules or atoms or ions or formula units or electrons) 
A + 3e Al 


*Molar mass (g) = The sum of atomic masses of the elements forming the molecule in gram 
*Number of moles (mol) = mass of substance (g) / Molar mass (g/mol) 
*Number of molecules (or atoms or ions) = number of moles of molecules 
Avogadro's number (6.02 x 10?) 

*volume of gas (L) = number of molar gas (mol) x 22.4(L/mol) at STP 
* Density of gas (g/L) — molar mass (g/mol) / 22.4 (L/mol) at STP 

*molar concentration (M) = number of moles (mol) / volume of solution (L) 
*the mass percentage of an element in compound (g/g%) = 

Mass of element in one mole of compound x100 / molar mass of the compound 
*the mass percentage of compound in impure sample — 

Mass of compound in sample x100 / mass of impure sample 


Kind of chemical analysis : 
1-Qualitative analysis : 


It involves the identification of the constituents of a compound wether it is a sample salt of 
mixtures of several compounds 
2-Quantitative analysis: 
It involves the calculation of the percentage of each component in a compound include the 
identification of acid radical (anions) of salts and basic radical (cations) of salts 
A-Identification of the Acidic radicals (anions): 
1- Anions of Hydrochloric acid group 
The main experiment: solid salt + Dilute Hydrochloric acid 


Symbol | Gas liberated and Its detection | Confirmatory test for anion 


NaC Ose + 2HCI,, Salt solution + magnesium 
—? 2NaChk + HzO m + | sulphate solution .a white 
(1) COx ppt. is formed on cold 
(CO, | Effervescence tacks place | soluble in hydrochloric acid. 

carbonate and CO: gas evolved Na;COs4 + MgSOs4; — 
which turn clear lime Na.SSO44;* MgCOy; 
water milky MgCO,,, + 2HCl,, جب‎ 
CO; + Ca(OH) رج‎ ST MgClzxa + H2O a) + 
CaCOy,, + H200) CO: 


AY 
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M(HCOJag > 
MgCO;,,*- COng, + HO 


Na,;SO,,, -2HCl,, حلب‎ 
2NaCl,,, +H20m + SO, 
Sulphur dioxide gas 

evolved which has a very 
Irritating smell and turns a 
paper wet with potassium 


Y 
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K;Cr;Os,, + 3SO2 + 
H;SO4 4 جه‎ KSO ua + 
Cro(SO رسيو‎ + HO) 


NaS,-*2HCl,j جل‎ 

2NaCl,, + H;Sq, Salt solution + silver nitrate 
Hydrogen sulphide gas solution black ppt. is formed 
evolved which Has bade | from silver sulphide 

Smell, turns a paper wet NaS 44 +2 AgNO) 

with lead acetate to black AgS خرن‎ 2NaNO; 
(CH;COO);Pb,, + HS, 


Salt solution + iodine 
solution ——> the brown 
colour of iodine is removed 
2 NazS2O sag + دآ‎ (oq) —> 
Na5S405,,, + 2Nal 


SNaN Oz, + 2KMnOsuy + 
Sie. و‎ 
SNaNO;4; + KiSO qu + 
20/1050 و3110 + روي‎ 


\Ao 
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(2) Concentrated sulphuric acid group 


The main experiment: 


Add concentrated sulphuric acid to the solid salt and heat if necessary. 


HCI gas is evolved , which is colourless | Salt solution + silver nitrate 
. it gives white fumes with glass rod wet | solution white ppt. is formed 
with ammonia solution . from silver chloride which 


2 NaCl, + H;SO4(; concu turns violet in sun light , 
Na;SO4,, + 2HCl وي‎ soluble in conc. ammonia 
HCl, + NH34;7 NHCl solution 
NaCl (aq) + AgNO) —> 
AgCI «y+ 2ZNaNO رو‎ 


YA 
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HBr gas is evolved , which is colourless 
. it partially oxidized by sulphuric acid 

and orange red fumes from bromine will 
be separated turns a paper wet by starch 

yellow. 

2NaBre + H2SOgq) mach 
Na,SOu.y + 2HBr ip 

2HBr, + 112:50, 2H;0; + SO, + 


Bray, 


HI gas is evolved , which is colourless . 
it partially oxidized quickly by 
sulphuric acid and violet fumes from 
iodine will be separated after heat turns 
a paper wet by starch blue. 


2KI,, + H;SO, رن‎ 
K2SO4,,, + 2111 وى‎ 
2HL,; + H5SO, رن‎ conc. 2HzOw + SOx, 
+ Tae 

Brown vapour of nitrogen dioxide 
evolves due to the decomposition of the 
HNO, 

The density of vapour increased by 


conc ا‎ 


adding copper felling 
2NaNO;, + H2SOgq ponc 
NaSO + 2HNO; o 
^ 211:0 o 
+ ANO + Oxo 
4HNOs خرن‎ Cu —coac 4. Cu(NO:3)354 + 
2H;O q*2NO»3 


MV 
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Salt solution + silver nitrate 
solution white-yellow ppt. is 
formed from silver bromide 
which turns dark in sun light 
. soluble slowly in conc. 
ammonia 

NaBra AgNOy,, —» 
AgBr خرى‎ NaNOy,. 


Salt solution + silver nitrate 
solution yellow ppt. is formed 
from silver iodide insoluble 


the brown r esi 
Nitrate salt solution + freshly 


Disappears by heat or shaking 

2NaNO,,- 6FeSO4,,: 

4H2S04@ conc  Na;SO. 

+ 3FexXSOs)saq + 413120 m+ 

ري 2130 

FeSQsaq + NO > 
FeSO,.NO رى‎ 

brown ring compound 
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Barium chloride solution group 


(1) Salt solution + barium chloride | Salt solution + silver nitrate 
Phosphates | solution > a white ppt. of solution yellow ppt. is formed 
(PO) barium phosphate soluble in | from silver phosphate soluble 
Dil HCI in both ammonia solution and 


2Na3POa4(aq) +3 BaCl, (aq) ——> nitric acid 

Bay(PO4)* 6NaClaq) Na3PO4(aq+3 AgNO s@aq) 
—> Ag3PO, 4*3 NaNO 3(aq) 
و ا‎ | 


(2) Salt solution + barium chloride 


sulphate solution > a white ppt. of Salt solution + lead (IDacetate 
(SO.)” barium sulphate insoluble in | solution a white ppt. of 
Dil HCl Lead(IT) Sulphate 


NaS Oio) + BaCl, (aq)? 
BaSO, + 2NaCl (aq) Na2SO4«,) + (CH3COO)sPb (aq) 
>2CH;COONa (aq) + PbSO4«) 


B- Identification of basic radical 


the first analytical group which are chloride of 


silver( I) , mercury (I) , lead (Il) sparingly soluble in water so they can be precipitated using 
dil. Hydrochloric acid as reagent . 

second analytical group: 

cations of this group are precipitated in the form of sulphides in acidic medium , by 
dissolving the salt in water and adding dilute Hydrochloric acid to it to make solution acidic 


then passing hydrogen sulphide gas to it.Cu^* is one from this group 


\AA 
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Test for copper (II) cation Cu?* 
Copper (Il) salt solution + group reagent ( HCI + H3S ) black ppt. from copper(II)sulphide is 
formed soluble in hot nitric acid 


CUSO4(aq) + HS) H2SOa{aq) + CuS (s) 

third analytical group: 

they are precipitated as hydroxides using ammonium hydroxide if they are not mixed with 
other cations . 


cations to be studied: aluminium , iron(II) , iron(Ill 


The main experiment: salt solution + ammonium hydroxide (group reagent) 


Reaction with group reagent 


Aluminium 
AP* 


Iron (H1) 
Fe 


ALb(SO.,) (a) + 6óNH4OH, 
3(NH4) SO, *2AK OH), 
White gelatinous ppt. of 
Aluminium hydroxide soluble 
In dil. Acids and in caustic 
soda 


FeSO, ay  2NH4OH,2 


(NH4)2SO رويب‎ -Fe(OH)., 
White ppt. turns white green 
When it exposed to air 

and soluble in acids 


FeCl, +3 NH4OH; 
3NH,CI + Fe(OH)sc; 


Reddish brown gelatinous ppt. 


Soluble in acids 


دوقع الدكدور محمد jj‏ معام الكيمياء التعايمي 


Confirmatory test 


Salt solution + sodium hydroxide 
solution White gelatinous ppt. 
of Aluminium hydroxide 
soluble in excess sodium hydroxide 
forming 
sodium meta aluminate 
Alz(SO:4)3 (aq) + 66 NaOH 
3Na;SO44,, +2AMKOH) 345) 
Al(OH) x5) + NaOH, 

NaAlO> cq) + 2H;0O,5 


Salt solution + sodium hydroxide 
solution White green ppt. 

of iron(IDhydroxide is formed 
FeSO, (aq) + 2NaOH4,, 
NazSOiaq) +Fe(OH) xe 


Salt solution + sodium hydroxide 
solution Reddish brown ppt. 

of iron(II Dhydroxide is formed 
FeCh ay + 3NaOH, > 

3 NaCl.) -Fe(OH)s 
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Fifth Analytical group 


The main experiment: salt solution + ammonium carbonate solution (group reagent) 


Cation Reaction with group reagent | Confirmatory tests 
| IET, | 
Calcium CaClag,) + (NH4,);CO,, Salt solution + dil. Sulphuric acid 
Ca** 2NH,4CIa; + CaCOxs) | A white ppt. of calcium sulphate 
a white ppt. of calcium | Is formed 
carbonate soluble in dil. HCI CaCl) + H;SO44,, 


and also in water contaening CO, ZHCliag) + CASO وب‎ 
CaCO;,,, + م1120‎ + CO3,, 
Ca(HCO)564) 
2) flame test: 
Volatile calcium cation gives 
bunsen flam a brick red colour | 


The following table shows some indicators used in the neutralization reactions 
Indicator Colour in acidic Colour in basic | Colour in neutral 
medium medium medium 
Methyl orange Red Yellow Orange 
Phenolphthalein Colourless Red colourless 
Litmus Red Blue purple 
Bromothymol blue Yellow Blue pale green 


The laws of the chapter: The number of moles of added acid 
The number of moles of added acid = volume of solution in liter x the concentration 
One liter = 1000 ml. 


You can simplify the calculation by substituting in the following mathematical equation: 
Ma Va/n, = Mb Vb/n, 


Where: M,=concentration of the acid used (mole/liter). 
V,=volume of acid used (ml). 


n,= number of moles of the acid shown in the balanced chemical equation. 
M,=concentration of the alkali used(mole / liter). 


volume of the alkali used (ml).‏ دولا 
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ny=number of moles of alkali shown in the balanced chemical equation. 


mass of water X100 


-. 96 Water of crystallization. = 
mass of hydrated sample 


(A)Volatilization method : This method is based on the volatilization of the element or 
compound to be determined followed by its measurement either by collecting the 
volatile material and determining its mass or by measuring the amount lost from the 
original mass of the substance. 


(B) Precipitation Method : This method is based on precipitation of the analyte in the 
form of pure sparingly soluble compound with constant and known chemical structure. 
The precipitate is isolated from the solution by filtration on an ash less filter paper (a type 
of filter papers upon ignition leaves no ash). 


۹۱ 
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Chapter3(Chemical equilibrium) 


The equilibrium system: is apparently a stationary system but in reality dynamic. 
Complete reactions” 

In this type the reactions goes mostly in one direction (approximately forward ). 
Reversible reactions: 

they are reactions in which both the reactants and products are always found in the 


reaction medium at equilibrium . 


Chemical equilibrium in reversible reactions : 


It is a dynamic system takes place when the rate of forward reaction equals the rate of 
backward reaction , and The concentrations of the reactants and products are not changed 


: The equilibrium position remains unchanged since all reactants and products are still 


found in the medium of reaction , (no gas evolves , no precipitate is formed) and as long 


as the reaction conditions such as temperature and pressure are not changed . 


The rate of a chemical reaction: is measured by change in concentration of the reactants 


per unit time. 


Factors affecting the rate (speed) of chemical reactions :- 


1-Nature of the reactants. 2- Concentration of the reactants. 
3- Reaction temperature. 4- Pressure. 
5- Catalysts. 6- Light. 


Law of mass action: - At a constant temperature, the rate of a chemical reaction is directly 
proportional to the result of multiplication of the reactant concentrations; each is raised to 
the power of the number of molecules or ions in the balanced chemical equation. 


Calculation of equilibrium constant Kc: 


FeCl;(aq) + 3NH4SCN(aq) ——— Fe(SCN), (aq) + 3NH4Cl(aq) 
ironllIchloride ammonium thiocyanate ironIII thiocyanate 
(pale yellow) (colourless) ( blood red) 


At equilibrium: [12r 


NS 
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kı [ ][واعمع‎ NH4SCN]° = ko[Fe(SCN)4][NH,CIP? 


kı _ _ [Fe(SCN)s] [NH4CI]" 
k ` [FeCl] [NHuSCNF 


Activation energy: The minimum amount of energy that must be gained by a molecule to 
react at collision. 
Activated molecules: Are those molecules which have kinetic energy that equals or 


exceeds the activation energy. 


Calculation of equilibrium constant K, : 


high pressure/coolin - ; 
Mag *3H,g EEE 2NHg  ,AH=-92K) | Kp zt i? / (Pra) X (Pra) 


Heating 


*As in Kc the value of Kp for the reaction does not change by change partial pressure of 


reactant or product gases at same temperature and the total pressure of reaction is the 


summation of all partial pressure of gases (and depend on the number of moles for each gas) 


Application of law of mass action in ionic equilibrium . 


1 - Electrolytes Solutions : The following table represents the ionization constants of 


some weak acids: 


Acid Chemical formula Ionization constant (Ka) 
Sulphurous acid H2SO3 1.7x 107 
Hydrofluoric acid HF 6.7 x 10 ^ 
Nitrous acid HNO; 512 107 
Acetic acid CH;COOH 1.8x 10? 
Carbonic acid HCO; 4.4 x10 7 
Boric acid H;BO; 5.8 x10 T 


Weak acids are arranged according to decreasing their strengths by significance of their 


ionization constant(K,) 


موقع الدكتور محمد رزق معام الكيدياء التعايمي D.M.RAZK‏ >£- 


مفاهيم الكيمياء باللغة الإنجليزية الصف الثالث الثانوي 


lonization: a process in which unionized molecules are changed into ions. 
Complete lonization: a process in which all unionized molecules are changed into ions, 
and this happens in strong electrolytes. 


Incomplete (weak) lonization: a process in which a small part of unionized molecules are 
changed into ion, and this happens in weak electrolytes. 


lonic equilibrium:- It is the equilibrium arising between molecules of a weak 
electrolyte and the ions resulting from it. 

The law of mass action can not be applied in the case of strong electrolytic solution 
because they are completely ionized. 

Ostwald discovered the relation between the degree of ionization - alpha ( a ) and 


concentration ( C ) mol / L for the solutions of weak electrolytes. 


K,= a xQ —— 
ل‎ ^. a= VkalCa 


Number of dissociated moles 


Degree of dissociation = m 
8 Total number of moles before dissociation 


Ostwald law of dilution :- Ata constant temperature, the degree of ionization ( ) 
increases by dilution (K, remains constant) . where as dilution increases(concentration 
decreases) the degree of ionization increases and vice versa. 


Calculation of hydronium ion concentration of weak acids : 


[HO] = JCx K, 


Calculation of the hydroxyl ion of weak bases : 


-72 
K,- » , [OH |= VC,xK, 
b 


-72 
x, - 0H ] , [OH ]- JC,xK, 
2 — Ionization of water : 


Ky = [H*][OH] - 4 K,= [107][ 107] = 107^ 
K „(ionic product of water ): 


The result of multiplication of the concentration of hydrogen ion [H ] and hydroxide ion [OH 
] that produced from the ionization of water that equals 1X10. 


۹٤ 
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Since water is neutral to litmus, the concentration of H* that responsible for the acidic 
properties equals the concentration of OH that responsible for the basic properties. . 


Then K,= [107][10’] - 14 


pH value : It is the negative logarithm of the concentration of hydrogen ion (of base 10). 
pH = -log [H0] , pOH--log [OH] 


This is a way for expressing the degree of acidity or alkalinity for aqueous solution by 


numbers from zero to 14. 


pK, =pH + pOH= 14 


Acidic e- - neutral ——— — — — —e» Alkaline 


ه156 
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The following table illustrates the pH values of some solutions 


Substance 
1 molar solution of HCI ملعمو مومع ممم ءءء‎ 


E diu. 0 ذم‎ 2 2 <> + > + +77 7+ + M - 
Cell ieri 07010101010 1 0 --7ب-0107073‎ ree vens - 
|n = LL 1212 ا 2 ز1212ذ12‎ 5 


0.1Molar of sodium hydroxide solution......... » 
1 Molar solution of sodium hydroxide............. 


3 — Hydrolysis of salt solution : 


Experiment Observation 


Conclusion 


1. action of Na,CO; solution turns litmus blue 


alkaline solution 


2. action of NH4CI solution turns litmus red 


acidic solution 


3. action of CH; COONH, no action on litmus 


neutral solution 


4. action of NaCl solution no action on litmus 


neutral solution 


Strong aids 
Hydrochloric acid HCI > chloride Cl 
Nitric acid HNO; + Nitrate NO; 
Sulphuric acid H,SO, ¬» Sulphate SO,” 


ya 


strong bases 


potassium hydroxide KOH>K* 
sodiumum hydroxide NAaOH—Na* 


gogo‏ الدكتور محمد رزق معام الكيمياء التعايمى 


مفاهيم الكيمياء باللغة الإنجليزية الصف الثالث الثانوي 


1. Hydrolysis of sodium carbonate: (a salt of a weak acid and a strong base ) 


2H50 2H* + 20H 
Na5CO, CO,” + 2Na* 
Na;CO412H50 2Na* + 20H +H,CO; 
2. Hydrolysis of ammonium chloride : (a salt of a strong acid and a weak base ): 
H,O Ht + OH 
NH,Cl —— اله‎ + NH, 
NH,CI + H,O H* + CI + NH,OH 
3. Hydrolysis of ammonium acetate ( a salt of a weak acid and a weak base ): 
H,O Ht + OH 
CH4COONH, === CH4COO' + NH, 
CH;COONH,+ H,O CH4COOH + NH,OH 


4. Hydrolysis of sodium chloride : ( Salt of a strong acid and a strong base ): 


NaCl — CI + Na’ 


H,O H + OH 


NaCl+ H,O Na + OH + H' + CFI 


From the previous we conclude that the hydrolysis process is opposite to the 
neutralization process. By dissolution of a salt in water, the acid and alkali from which 
the salt is derived are formed. The acidic or basic properly of the salt solution depends 
upon the respective strength of both the acid and the alkali formed due to the solution of 
the salt in water. 

4 — Solubility product 


Degree of solubility 
Solubility product for any sparingly soluble ionic compound is the product of 


multiplication of the concentration (expressed as mole / liter ) of its ions ,raised to the 


power of the number of ions, which exist in equilibrium with its saturated solution . 


Concentration of saturation solution for sparingly soluble salt at certain 
temperature(mol/L). 

EX. solubility of potassium nitrate KNO; in water = 31.6 g / 100 ml at 20°C where 
solubility of silver chloride in water at same temperature = 0.0016 g /100 ml 
PbBro ——— Ph” aa) + 2BF (aq) 


Ksp =[Pb ^] [Br 


۹۷ 
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Chapter 4 Electrochemistry 


The galvanic cell for any two elements can be represented by a diagram as shown in the 


Zn? Zn2t Cu 2+ ku 9 
(xM) (xM) 


The ELECTROMOTIVE SERIES of Elements 


following: I 


Half cell Standard oxidation Standard reduction 
Half reaction potential (volt) potential (volt) 
Li «===> Li'+e +3.045 - 3.045 
K qor K' +e +2.924 -2.924 
Na a---» Na +e 12.711 -2.71 1 
Mg <¢===> Mge +2.375 -2.375 
Al ==> A 3e +1.670 - 1.670 
Mn g---* Mn” +2e +1.029 - 1.029 
Zn g---» Zn” +2e 0.762 - 0. 762 
Cr ccc CPF +3e 40.740 - 0. 740 
Cr «=== C7 +2e +0.557 - 0. 557 
Cr e= Cette +0.410 -0. 410 
Fe ag---» Fe” He +0.409 - 0.409 
Cd ===> Cd" +e +0.402 -0.402 
Co ===> Co" 42€ 40.280 -0.280 
Ni «===> Ni^-42e +0.0 -0.230 
Pb «===> Pb” 42e 0.126 -0.126 
H, &--:* 2H 32e Zero Zero 
Sn" ¢===> Sn" +e -0.150 40.150 
Cu «zc Cu” +e -0.340 0.340 
40Ha--*2H04054e -0.401 +0.401 
Ag «===> Ag te -0.800 +0.800 
Pt g---5 Pt” +e -1.200 +1.200 
Au «cc: Au" 43e -1.420 +1.420 
2F «=== Fe -2.870 42.870 


Calculating electromotive force: 

The electromotive force for the galvanic cell (emf ) 

(emf) = the reduction potentials difference for the two half cells 
emf - the oxidation potentials difference for the two half cells 


emf — summation of oxidation and reduction potentials of the two half cells 


۹۸ 
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Galvanic cell and production of electric energy 


1- Primary cells 
A- Mercury cell: 


Oxidation‏ — أ 


Zn -HgO  ZnO-«Hg^ 
۰ . Reduction s ; 


B-Fuel cell: 

At anode (oxidation reactions): 

Aggy + 4011 ووم‎ — 40v) TAE. ke = 0.83V (oxidation) 

At cathode (reduction reactions): 

O»(g) + 2H50 T4e —— 40H (ag) 
CA) E’ =0.4 (reduction) 

The total reaction: 

2Hog) + Org ——> 21120 اج‎ 


2- Secondary cells 
I -Lead - Acid Battery : 


A - Discharging reaction : these reactions occur during battery discharge : 
At the anode : 


Pb,,+SO,  PbSO,,-t2e' E-036V 


(s) 
( standard oxidation potential ) = + 0.36 volt 


At the cathode : 
PbO, HH'*$0; £2e — PbSO,, 42 H,O E-1.69V 


( standard reduction potential ) = + 1.69 volt 
The cell works here as a galvanic cell and at discharging the total battery reaction is 
Pb+PbO,+4H *2807 — 999": 2PbSO,*2H,Q  Ea-205v 
©  ( («9 (aq) بم‎ © 

B - Charging reaction : 

Total reaction during charging 

2PbSO, +2H,O—“== Pb. EPbO,., 42807 4H" 
(s) (1) (anode) (cathode) (aq) (ag) 

Total reaction 


Pb-PbO,-4H'42807 Biases, 2PbSO,+2H,O Euj205V 


© @ (e NETTEN رم‎ 9 


۱۹۹ 
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II -Lithium ion battery: 
The following reactions take place during the operation of the battery: 


At anode: Cso ———— Ces + Heg + € 


At cathode: 0002) T Liag + چ م‎ LiCoO» 

The total reaction: LiCg) + CoO5 discharge Cc) + LiCoO 
Charge 

The emf of the battery Esen = 3V 


Iron rusting : 


Iron and steel corrosion mechanism can be explained as following: 

Iron acts as anode, the oxidation reaction takes place as following equation. 

2Fe(s) 3s  2Fe^(aq)- 4e. 

The iron ion Fe” becomes a part of the electrolytic solution and the electrons transfer 
through the piece of iron to the cathode (carbon impureties in iron) so iron acts as anode 
and external circuit. 

At cathode the oxygen of air 1s reduced in to a hydroxide group (OH)- 

21120) + Oxo + ع4‎ — — — —? OH) وه‎ 

Iron ions Fe are combined with hydroxide ions (OH) to produce iron II hydroxide . 
2Fe2'49* 40H (ag) > Fe(OH) 

Iron II hydroxide will be oxidized by oxygen dissolved in water in to iron III hydroxide. 
2Fe(OH);,, + 72 Oxg + H20~@) ——— — —» 2Fe(0H)s;, 

By addition of the previous equations we obtain the total equation for cell of iron 
corrosion. 

2F ee + 3850, + 3/2 Org) كس ست‎ 2Fe(OH);,, 

The rust is a slow process due to the presence of limited amounts of ions in water and it 
increases if a big amount of ions exists in water as in sea water. 

Protection of metal against corrosion: 

In the following some methods of protection of iron against rusting, by covering it by 
another substance to insulate it from the surrounding medium 

a- Cathodic protection (Cathodic cover): 

covering the metal by another less active metal 

b-Anodic protection: (Anodic cover) 

covering the metal by another more active metal . 


Secondly : Electrolytic cells . 


The electrolysis: It is a chemical decomposition of the substance due to the effect of 


passing electric current in the electrolyte. 
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Faraday's Laws of Electrolysis 


Faraday's First Law The quantity of material (gas or solid) formed or consumed 
at any electrode is directly proportional to the quantity of electricity that passes in the 
electrolytic (solution or molten). 

Faraday's Second Law The masses of the different materials formed or consumed 
by the same amount of electricity that passes in different electrolytes connected in series 
are proportional to their equivalent masses. 


Faraday's second Law can be expressed mathematically as: 
the mass of the first element the equivelent mass of the first element 


the mass of the second element the equivelent mass of the aecond element 
The gram equivalent mass of the substance is the mass of the substance that has 
the ability to lose or gain one mole of the electrons during the chemical reaction. 
the gram atomic mass 
The gram equivalent mass number of charges on the ion of the element (Z) 
Quantity of electricity (coulomb) = current strength (ampere) x time (second) 
[1I CZ1AXIS] 

Faraday : 

On passing a quantity of electricity which if it is passed for one second in a solution of 
silver ions a 1.118 milligram of silver are precipitated. 
The faraday unit: the quantity of electricity required to deposit or to dissolve the gram 
equivalent mass of any other element, according to faradays second law. where one faraday 
(F) 496500 C. 
General Law of electrolysis: 
When one faraday(1F) (96500C) passes through an electrolyte, this will lead to dissolution 
or evolution or deposition of gram equivalent mass of the substance at any electrode. 


Generally the mass of deposited substance can be calculated by the following relationship 
mass of deposited substance (in gram) 
_ current strength(amperes)x time(seconds) xequivalent mass of deposited substance 
96500 
the quantity of electricity necessary to deposit gram/ atom=Faraday(F)xValence(Z) 


Applications on electrolysis 


1 - Electroplating battery 
عب‎ 


cathode 


anode 


Jug. 0 
—— Ag solution —} L2* _ Silver 
E — Ag? 


Silver 
Ag Ag+ e7 


g+ ماج‎ 


ER 
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2— Extraction of aluminum 


+ Carbon electrodes (anode) 


- Graphite (cathode) 


Molten bauxite in cryolite 


In this cell the cathode is the body of the cell container which is made from iron plated 
by layer of carbon (graphite) ,while the anode is carbon rods (graphite) . When the electric 
current passes between the cell electrodes an oxidation — reduction reaction occurs : 

At the cathode (-) : 

2 :13م‎ +6e° reduction ¢ 5 AT 

(4) 

At the anode (+): 

30 7 ۴ و‎ 26. + 6e7 

(g) 

And the total reaction is : 
2 AP* +307 —_+ 2A1+ + 0) (g) 
The evolved oxygen reacts with the carbon electrodes forming carbon mono and dioxides 
3/202) + 2C — CO) + CO», 
Then aluminum is withdrawn from the cell through a special opening. 


3 — Purification of Metals 


Pure 


Anode impurities copper 


Capper sulphate 


e 
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lAt anode: Cu, — — Cu (ag) 2e 


At cathode: Cu 2e > Cu 
(aq) 


While the impurities:| 


Zn) —_> Zn?” (aq) T2e 


Fe%,) —_—_> Fe” aq) T2e 


These ions still in the solution, While silver and gold impurities fall down the anode . 


Chapter 5 Organic chemistry 
Vital Force theory 


Berzelius considered that organic compounds are formed by vital force which is found in 
living cells of the body and it is impossible to synthesize them in laboratories. 

In 1828, The German scientist Wóhler destroyed the vital force theory, when he prepared 
urea (organic compound formed in the urine of mammals) by heating an aqueous solution 
of two inorganic compounds, ammonium chloride and silver cyanate. 

NH e » AgCNO g CI NH ,4CNO, aq) 
— —H,;N-CO-NH 
aq) 


(Ammonium Hune 


NH,CNO 2(Ureayg) 


What are the reasons of the abundance of organic compounds? 


The abundance of organic compounds is due to the ability of carbon atom to combine with 
itself or with others atoms by different kinds of bonds, it might connect through single, 
double, triple bonds. 
Carbon atoms can join together with different methods, straight chains, branched chains, 
homocyclic or heterocyclic. 

The difference between organic and inorganic compounds 


Property Organic compounds Inorganic compounds 
1-Chemical structure - mainly contain carbon atoms. may contain carbon atoms in 
addition to other elements. 
2-Solubility - most are insoluble in water but most are soluble in water 
soluble in organic solvent e.g. 
benzene. 
3-Melting point - Low. High 
4-Boiling point - Low. High 
5-The odour -most have characteristic odour. most are odourless 
EY 
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6-Inflammability s inflammable and produce CO», H2O | not inflammable, if it is 
inflammable, it produces other gases 

7-Kinds of bonds in the | - covalent bonds ionic bonds 
molecule 
8-Electrical - don’t conduct electricity. Usually electrolytic compounds 
conductivity conduct electricity. 
9-Rate of chemical - slow, because it takes Often fast, because it takes place 
reaction place between the between the ions. 

molecules 
10-Polymerization - can be polymerized can't be polymerized 
11-Isomerism - it's found among It is not found among their 

many compounds compounds. 


Molecular Formula : 

It is the formula which indicates the number and kind of the elements atoms which form 
the chemical compound, and doesn't show the kind of the linkage between the atoms in 
the molecule. 

Structural Formula : 

It's the formula which indicates the number and kind of each elements atoms in the 
molecule, and the kind of linkage between the atoms by the covalent bonds. 
Isomerism : 

It is a phenomenon that many organic compounds are different in the physical and 
chemical properties and also in structural formula but they have the same molecular 
formula. 


Detection of carbon and hydrogen in organic compound 


Organic substance 
+ black copper 
oxide 


White copper I 
sulphate 


Lime water —> 


C+ 2CuQ,s) ————áà——» CO» * Cu (s) 
2H + CuO) A H20w) + Cu (s) 


م — 


Hydrocarbons 


They are organic compounds consist of carbon and hydrogen only. 
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Hydrocarbons | 
I 
[ 
Aliphatic 

t= xi 

[open chain (Acyclic) | | CyclicSaturated | Cyclic 
Unsalurated 
Saturated unsaturated Cyclopentane 
CL 5 10 Aromatic 


Cyclo ben zene benzene C6H 
Atoms in the Cs Hi2 fei eHe 
carbon chain Double bonds 
are linked between carbon Triple bonds 
with single atoms between Carbon 
bonds Alkenes onmes atoms Naphthalene 
eI Alkyenes 

Alkanes sames | | general formula || general eie we 
general Formula Formula CX p 

S 

Ethyne 

C5 H5 CioHs 


Ethane C, He 


Propyne C4 H4 


Homologous series: 


It is a group of compounds that having the same general molecular formula , chemical 
properties and graduated physical properties like ( boiling point). 


The Alkyl Radical (R -): 


It is an organic atomic group which does not found alone. It is derived from the 
corresponding alkane by removing one hydrogen atom . Alkyl radicals are given the 
symbol "R". Their general formula is (C,H ,+1).Its name is derived from the corresponding 
alkane by replacing the suffix (ane) by (yl). 


Examples R-H Alkane C,H2,12_-H , R- Alkyl radical C,Han+1 


Methane CH, | Methyl -CH3 Methyl chloride CH3C^ 


The nomenclature of alkanes ( IUPAC system ) 


The nomenclature of alkanes by the IUPAC system may be summarized as follows: 


l- The name ofthe hydrocarbon is determined according to the longest continuous 
carbon chain which may be linear or branched. 
2- | The carbon atoms are given numbers in the longest chain. 


a- If the longest hydrocarbon chain free from any branches or side chain the carbon atoms 
are given numbers from any side (left or right side).b- If the longest hydrocarbon chain 
attached to an alkyl group or any other atoms. The numbering of carbon atoms in the 
hydrocarbon chain begins from the side nomenclature begins by the number of 


C'H,- c? H-C’H, -C‘H, -C°H, 


CH, 
2-methyl pentane 
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the carbon atom from which the chain arises, then the name of the branch, and ending by 
the name of the alkane. 


CH,- C H-C'H,-CH,-C'H, 
p 
CH, 

3-methyl hexane 


3- Ifthe side group is repeated in the hydrocarbon chain we use prefix Di — or Tri — or 
Tetra—to indicate the number of repetition. 


4- Ifthe branch is a group such as. Cl , Br or NO; , the name of this group is ended 
by the letter (O) so we say chloro , bromo or nitro. 

5- Ifthe side groups are different (alkyl group and halogens), the groups are arranged 
according to their alphabetical Latin names, after numbering from the end that giving the 
branches the least possible summation. 


Preparation of methane in lab. :- 


Anhydrous sodium acetate 
* sodalime 
ہے کے ا‎ 


~a a , Methane 


CH3COONa,, * NaOH (s) CaO/ 4 CHag + Na,CO;;,) 


a — The chemical properties: 1-Burning : 
CHa) + 202 A CO» + 2H20) + Energy 
2-The reactions with Halogens: UV or 400°C 
1-CHag + Cbqg __ (uv) CH3Cl gj + HCl (gy 

Chloro methane (Methyl chloride) 
2- CH;Cl (g) + Clg) (uv) CH;Chg + HCl (g) 

Ddichloro methane (Methylene chloride) 
3- CHCl) + Claie) (uv) CHCls(g * HCI (g) 

Trichloro methane (chloroform) 


4- CHClsg + Clag) (uv) CCl4(g + HCl (g) 
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Tetrachloro methane (Carbon tetra chloride) 
Uses of halogenated derivation of alkanes 


1- Chloroform was used for a long time as anesthetic substance 


. Halothane is used now as anesthetic substance with safety and its formula CHBrCl — CF; 
it is 2-bromo -2-chloro -1,1,1-tri fluoro ethane. 
2. The compound 1,1,1 trichloro ethane is used in the dry cleaning. 


3. Freons were used in air conditions and fridges, also as a rushed substance to liquid 
and perfumes and as a cleaner of electronic sets. 

Freons are consider as a kind of halogenated derivative of alkanes as CF, tetra flouro 
methane but the famous one is dichloro, diflouromethane CF; CL . 

3.Thermal catalytic cracking:. 


high pressure ,temp,cat C, Hag $ CaH10(¢)‏ وعداو 


Octane butene butane 


B — Unsaturated open chain aliphatic hydrocarbons 
Alkenes ( Olifenes C, Hn) 
Preparation of Ethene in lab : 


C2HsOH() conc. ( H2504) at 180°C CoHa(g) + H20qy 


Thermometer 
7 


Ethylene 


| Cone. sulphuric 
| acid «ethanol 
| 


This reaction takes place in two steps. 
1- Ethanol reacts with conc. heated sulphuric acid , to form ethyl hydrogen sulphate . 


HH HH 
ا‎ | T ا‎ | 
H- C- C-|OH + H|-OSO,H > H-C-C-0-SO,H +H,0 
HH H H 
Ethyl hyrogen sulphate 


2- Ethyl hydrogen sulphate thermally decomposed to give ethene . 


ev 
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H H H H 
| | | | 
H-C-C-|O-SO,H] m> C = C+H,SO, 
HH H H 
ethene 
Chemical properties: 1- Burning: 
C H4g*3059 A 2CO» + 220 + energy 


2- Addition reaction : 


a. Addition of hydrogen(H,) (Hydrogenation) : 


Cie. Hag ^ DENS cma, 
Ethane ethane 
b. Addition of halogens (X;) (Halogenation) : 
H H 
| | 
CH, - CH, + Br, ———H-C-C-H 
(8) (8) Br Br (1,2 dibromoethane) (I) 


C. The addition of hydrogen halide ( HX) 


H H HH 
| | | | 
H-C=C-H+HBr——>H-C-C-H 
H Br (bromo ethane) 


€ (g (e) 
ES Du 
H -C = C- C- H+ HBr ———5H-C-C-C-H 
H BrH 
propene (g) (g) 2- اا‎ 


Markownikoff's rule: 


“On adding an asymmetric reagent (HX or H-OSO3H) to an asymmetric alkene, 
the positive part of the reagent is added to the carbon atom which carries a 
large number of hydrogen atoms and the negative part is added to the carbon 


atom which carries less number of hydrogen atoms “. 


d. Addition of water (H20) (Catalytic hydration) : 


1- Addition of acid to ethene 


CA 
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CH, = CH, + HOSO,H ——CH,-CH, -OS0,H 


ethyl hydrogen sulphate 
2- hydrolysis of ethyl hydrogen sulphate 


CH, - CH, -OSO,H+H,O—*—>CH, - CH, - OH + H,SO, 


By addition 


CH, =CH,+H,O 


(g) 


(^) 


110°C 


(7) (7) 


> 


#804 s CH, - CH, -OH 


ethylalchol — (7) 


(aq) 


3- Oxidation: Baeyr's reaction: It is the reaction between ethene and potassium 


permanganate in alkaline medium where the purple colour of potassium permanganate is 
discharged. This reaction is very important to detect the double bond. 


H H 


1 l 
H-C=C-H +H,O + [O] 
e) 


4- Polymerization : 


KMnO, 


H H 


alkaline medium 


1 l 
>H -C- C-H 


| 1 
OH OH (ethylene glycol) 


There are two principal methods for polymerization process. 
1- Addition polymerization: The table illustrates some alkene monomers and their 


derivatives which are produced by addition polymerization and their uses: 


Ethene Poly Soft and Plastic 
Ethvi resist effect | sheets, bags, 
ene 
H H “Cues 4 of chemicals | bottles& 
C=C | H a hoses. 
H H (polyethylene) 
(PE) 
H H Poly Strong and Carpets, 
H 11 E C-C- -| propylene hard cases and 
| | 
C=C cH, H l cans. 
CH,H Polypropylene 
propene (pp) (PP) 
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H H HH Poly vinyl Strong and Drainage 
| | : 
| | chloride soft tubes- 
ms [-C-C- (PVC) plastic, 
H Cl | (o 
tubes- sh 
Poly chloroethane hos PRINS 
- hoses - 
Chloro ethene electric 
(vinyl chloride) ' 
wires, 
insulators — 
floors- oils 
bottles . 
F F FF Teflon Resist heat Cooking 
)دع‎ m and utensils — 
i 2 i -C-C- adhesion, surgical 
| | 
FF" electrical threads. 
a ug Poly tetra insulator and 
flouro ethene 
inert 


2- Condensation polymerization: Condensation takes place between two different 


monomers and accompanied by losing a simple molecule such as water . 


Ethyne (acetylene) H-C=C-H 


Preparation in lab: 


Calcium carbide 
CaCa 


E- Eyre 


Preparation of ethyne 


ev 
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Ce Car Or)‏ يي ل انس 
Ca à‏ 


(aq) 


2-Ethyne can be prepared in industry 


1500° 


2CH aie) C2H2) + 3Hg 


——————À 
Rapid quenching 
Properties of ethyne: 


1-Combustion : 


2C,H, +30, “>2C0, +2H,O+2C 


g | (g) L 9 


2C; H, +50, كك‎ 4CO, Saw heat 
(o (9) ~ (g) (v) 


2- Addition reactions : 


a- Hydrogenation in the presence of finely divided nickel 


HC=CH+H, Ni/heat Ni/ heat k 
(8) (g) j n 
Ethyne Ethene 


b- Halogenations: 
C-H; tBr ——À CHBr, Ho CHB, 
(8) 0 


dibromo ethene 1,1,2,2 tetrabromo ethane 
3-The addition of halogen acids (HX) 


H-C=C-H+HBr—>C = ل‎ _ H -C-C-Br 
© © iB HB 
Ethyne 1 - bromo ethene 1,1 dibrmo ethane 


4-Addition of water (catalytic hydration ) 


ew 
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Ethyne reacts with water by addition in the presence of a catalyst e.g H;SO,, HgSO, at 
60°C to give acetaldehyde (ethanal). 


H OH 
H-C=C-H +H,0 ——““+H- C-CH —>CH;CHO 


HgSO, / (60°C) 


Ethyne (g) (4 Vinyl alcohol Ethanal (A 


(Unstable compound) (Acetaldehyde) 
This reaction is used to prepare ethanoic acid (acetic acid) by the oxidation of 


acetaldehyde (ethanal). 


CH,CHO,, —Oxidation___, cu. cog. 
acidified KMnO, 


Ethanol can be obtained from reduction of acetaldehyde (ethanol) 
H2 


CH3CHO,, CH3CH,OH\) 


(reduction) 


C3H6 CHa CsH10 CsH12 
Cyclopropane Cyclobutane Cyclopentane Cyclohexane 
H H H H 
y cda x LU 
ک1‎ × UM X^ du "bmc 
حير‎ | | H K Xa 
H H \ / H^ N Pi 
د‎ H H--—C_y ng SoH 
١ 7 A Á 
H H H H 
ec 
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1-Aromatic benzene 2-Naphthalene 3-anthracene 


Preparation of benzene in industr 


1- From coal Tar 


2- From aliphatic petroleum derivatives : 


a) From normal hexane: 


CH3-CH;-CH;-CH;-CH;-CH; 4 A | Pt © 7| + 4H»tg 


n- hexane benzene 
b) Polymerization of ethyne 


red hot © 
3 C, H, eine > hE ^ tube 7 


3- From p : 


OH 
heat/ reduction 
CO. O 
(s) (4 
phenol benzene 
Preparation of benzene in lab. 
[ome + NaOH  CaO + heat © +Na,CO; 


(s) (s) (1) (s) 


2-The disubstituted benzene may be represented by three isomers which are: ortho (o-) , 


meta (m-) and para (p-). 


ev 
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The product depends on the nature of the substituent group which is mainly found . 
There are some groups direct the new substituent to ortho and para positions and other 


direct to meta position. 


From groups which is directed to ortho and para positions are the alkyl group(-R) , 


hydroxyl group(-OH), amino groups (-NH;)and halogen atoms(X-) 
From the meta directing groups are the aldehydic group(-CHO), ketonic group 


(-CO), carboxylic group(-COOH) and Nitro group(-NO,). 


Chemical properties 
a) Addition reactions: 


1- The addition of hydrogen (hydrogenation): 


© + 3H; Heat+ pressure 
-I 
( 2 (g) Cat. ( 2 


C6H6 benzene CH,» Cyclohexane 


2- Halogenation: 


UV 
+3Cl, جل‎ Cl, 
(4) )و(‎ 


Cg Hg benzene (0 
Hexa chlorocyclo hexane 


(Gamixane) 
b) Substitution reaction : 
1- Halogenation 
Cl 
+ ران‎ eh + HCl و‎ 


(A (g)uv (ð 


chloro benzene 


3- Alkylation ( Friedel — craft's reaction): 


e 
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NO, 


+ HNO; Conc. H2504 + H,O 


(A A Suc" 


(v) 
Nitrobenzene 
2- Nitration 
NO, 


+ HNO; Conc. H,SO4 + H,O 


50C° 
00 0 © 


Nitrobenzene 


CH, 
O N NO, 
di | 4 3HNO Cone. H5S0, 2 -— 
SN 50C° 2 ( 2 
0 5 
(4 NO 


Toluene 


(v) 


2 
Trinitrotoluene (TNT) 


4- Sulphonation : 


SO;H 


+ H5SO, Conc. + HO 


yA 0 


(v) 


Benzene sulphonic acid (1) 


The detergent industries depend mainly on the aromatic sulphonic acid compounds after 
the treatment with caustic soda to obtain the water-soluble sodium salt. 


TS 
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SOH *NaOH di 0 SOH + H,0 
(4 (aq) WY (aq) 7 


Alkyl benzene sulphonic acid Sodium salt of alkyl benzene sulponic acid 


(detergent) 


The molecule of detergent is composed of two parts (tail), it is a long carbon chain which 


is hydrophobic and the other part (head), is an ionic group which is hydrophilic. 


Hydrocarbon derivatives 


The following table illustrates the classes of the organic compounds and their 
functional group: 


The class General formula The functional group example 
Phenols Ar- OH The hydroxyl -OH Phenol 
OH 

Ethers RESOLIR Etherial -0- Dimethyl ether 

CH3- O - CH; 
Aldehydes R - CHO H Acetaldehyde 

Formyl | 
CO 
CH; - CHO 


Carboxylic O Carboxylic — COOH Acetic acid CHCOOH 
acids R-C-OH 


e 
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Esters Ester — COOR Ethyl acetate ester 
| CH;COOC2Hs 
R-C-OR 
Amines R- NH; Amino | —NH; Ethyl amine C;H5NH; 
Alcohols and phenols 
Ar- OH R 5 OH 
Phenol Alcohol 
OH CH; - OH 


Methyl alcohol 
Phenol y 


*OH 
R-OH —-—-— R. HU 
Aliphatic hydrocarbon 


+OH 
Ar-OH —-—- 5r q^ 
Aromatic hydrocarbo 


1-Alcohols 


Nomenclature of alcohols: There are two methods 

a- According to the alkyl group ( Common nomenclature): 

In this methods the alcohol is named according to the name of alkyl group present in 
the alcohol molecule. The word alcohol is added to the name of the alkyl group e.g 
methyl alcohol CH3OH, ethyl alcohol C;H5OH. 

b- The nomenclature according to IUPAC: 

The name of alcohol is derived from the name of the corresponding alkane (which 
contains the same number of carbon atoms) then adding the suffix "ol" instead of "e" 
like CHOH methanol, C;H5OH ethanol. In this system the carbon chain is numbered 
from the nearest end to the hydroxyl group. 

N.B. In case of common nomenclature, the name "iso" is used if the terminal carbon 
atom in a continuous chain is attached to two methyl groups and hydrogen atom. 


CH; — CH; - CH; - OH ع كك‎ 
CH3 
Normal propyl alcohol iso propyl alcohol 
ev 
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or 1- propanol or 2 - propanol 

Classification of alcohols. 

Alcohols are classified according to the number of hydroxyl groups in the alcohol 
molecule into four types, these are: 


Monohydric Dihydric Trihydric Polyhydric 


CH30H C;H4(OH); C3Hs(OH)3 CgH5(OH)¢ 
Methanol Te a CH2-CH-CHz CH: (CHOH); CH; 


OH OH OH OH OH OH OH 


Ethylene glycol Glycerol Sorbitol 


(1,2 dihydroxy (1,2,3 tyi hydoxy 
ethane) propane) 


Monohydric alcohols are classified into three kinds according to the type of carbinol 


group (carbon atom attached to the hydroxyl group). 


Classification of alcohols according to carbinol 


t | 


Primary alcohols Secondary alcohols Tertiary alcohols 
Carbinol group Carbinol group attached Carbinol group 
attached to one to two carbon atoms attached to three 
carbon atom and two and one hydrogen carbon atoms. 
hydrogen atoms. atom. 

ine 

CH; — ع‎ — OH 
CH; 


2-methyl-2-propanol 


Ethyl alcohol 2-propanol 
(Isopropyl alcohol) 
(ethanol) Secondary propanol 


tertiary butyl alcohol 


S\A 


aS) 
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Monohydric Primary Alcohols 


Ex: Ethyl alcohol (ethanol) C,H;OH 


Methods of preparation of ethanol ( in industry ) 


1- By alcoholic fermentation: 


ats +H,O CHO, LE at0¢, aq) 
Sucrose (4 glucose fructose 


C,H,,0, —“—>2C,H,OH - 2CO, 
zymase enzyme 7 ( 


(aq) g) 


ethanol 


2- By catalytic hydration of ethene 


Petroleum product =e > CH, =CH, +H, O “= > C,H, OH 
110°C » 


N.B. Ethene is the only alkene which gives primary alcohol by catalytic hydratio 
while the other alkenes give secondary or tertiary alcohols (Markownikoff's rule) 


CH,-CH=CH, 4H,0 —22 CH,-CH-CH, 


(1) (1) 110°C (1) 


propene 2-propanol(Sec.alcohol) 
CH, CH, 
l 1 
CH,-C=CH-CH, + HP, NT CH,-C-CH,-CH, 
ou 6 


2 -butene 2-Methyl-2-butanol[Tert.alcohol] 


The converted alcohol: (red spirit) 

Pure ethanol of 96% concentration is expensive because of the high production tax 
which should be paid for it. This is imposed to minimize its use in making alcoholic 
liquors because of their harmful effect on health and social aspects. However, ethanol 
is very important as fuel, in the chemical industries and organic solvent. Some 
additives are added to ethanol to be used as fuel with low price. These poisonous 
additives like methanol (causes madness and blindness) , pyridine (with bad odour) 


5 
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and coloured dyes. These additives cannot be easily separated from alcohol except 
with very complicated chemical processes besides, it is illegal. 


The general method of Preparation of alcohols: 


RX + KOH ag 5 R-OH + KX 


N.B. Halides may be arranged in the following sequence according to the ease of 


displacement. Chlorides < bromides « iodides 


where R = the alkyl radical , X = halide radical. 


General properties of alcohols Alcohol Boiling 
point 
The physical properties: C;H;OH 73°C 
: : ethanol 
Alcohols especially the first members are completely 
soluble in water and their boiling points are relatively C2H4 (OH); 197°C 
. ethylene glycol 
high . 
C3H4(OH); 290'C 
The solubility in water and the high boiling points of alcohols 
glycerol 
are attributed to the presence of the polar hydroxyl groups 


which have the ability of forming hydrogen bonds either between the alcohol molecules 


themselves or between the alcohol molecules and the water molecules 


Chemical properties : 
The chemical properties of alcohols may be classified as follows: 


l- Reactions specific to hydrogen of the hydroxyl group. 
2- Reactions specific to the hydroxyl group. 

3- Reactions specific to the carbinol group. 

4- Reactions specific to the whole molecule. 


1- Reaction specific to the hydrogen of the hydroxyl group. a- Acidity of alcohols. 
We have mentioned that alcohols have neutral effect on litmus, but a weak acidic 


character may appear specially when it reacts with strong active metals e.g sodium or 
potassium which can replace the hydrogen of the hydroxyl group. 


2 R - OH+2 K 42 ROK +H, 


potassium alkoxide 
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2C,H,OH +2Na——>2C,H,ONa+2H, T 


burns with pop sound 
(A (s) sodium — À (g) 5 


b- Ester formation: 


CH3CO!°O!©H+C,H50 BH) CH,COOC3Hsq4 + H50!5 


2- Reactions specific to the hydroxyl group. 
C,H,OH+HC1—“ >C,H,CHH,O 
(4 (aq) ( aq) (4 


3-Reactions specific to carbinol group : 
a- Oxidation of primary alcohols: 


H OH H 
CH, -C-0H جلف‎ | CH,-C-0H | #2 5 cH,-C-0 


1 


11 H Acenmidehyde 


unstable compound 
OH (4 (A 


—B > CH,-C =U 


Ethanoic acid 


b- Oxidation of secondary alcohols: 


CH, 1 OH CH, 
| | \ 
CH,-C-OH جالعل‎ cu,-c-on | C=O 
H 1 CH CH 
Isopropyl alcohol) Unstable compound Acetone 5 0 


c- Oxidation of tertiary alcohols: 


88S 
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Since carbinol group is not attached with any hydrogen atoms, it is difficult to be 
oxidized under these conditions. 
4- Reaction specific to the whole molecule: 


Hot 
H-C-C-OH H,SO, -(180°c) > H,C-CH, 3 H,O 
(4 (9) (v) 
ae H,SO 
cic OHO CHAO 
C,H,OH (4 diethylether (9) (4 


The economical important of alcohol ( uses of alcohol ): 

1- They are used as solvents for organic compounds as oils and fats and used in chemical 
industries e.g. preparation of drugs, paints and polishes. 

2- Ethanol is used in sterilizing mouth and teeth also it is used as disinfectant which 

has a great effect on killing microbes. 

3- Ethanol is used in the manufacture of perfumes and alcoholic liquors. We must put 
into consideration the bad effect of alcoholic drinks for man's heath , like the liver 
fibrosis , cancer of stomach and oesophagus. 

4- It may be mixed with gasoline which is used as a fuel. In some countries, such as Brazil. 
5- It is the main component of converted alcohol (8596 ethanol + 596 methanol + 1% 
another additive + colour, odour and the rest is water). 


6- Ethanol freezes at (-110'C) so it is used to fill special thermometers which measure 
the lower temperature until ( - 50°C) as it has low freezing point (-110.5°c). 


2- Dihydric alcohols : 
e.g: 


— CH 
me ^ Ethylene glycol 


8 | (1,2 dihydroxy ehane) 


1- It is used as antifreeze substance in car radiators in cold countries. 

2- Due to its high viscosity it is used as a constituent of the liquids used in the 
hydraulic break in addition it is used in printing ink . 

3- It is used to prepare polyethylene glycol (PEG) which is used in the manufacture of 
Dacron fibers, photographic films and cassette tapes. 


3- Trihydric alcohols . CH;—CH-—CH, 
Glycerol (1,2,3 trihydroxy propane) by OH OH 


1- It is used in the manufacture of creams and cosmetics as a moisturizer of skin. 
2- It is used in the manufacture of textiles, since it renders them soft and flexible. 


48 
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3- It is used in the preparation of explosive substance nitroglycerine obtained by 
nitration of glycerin by a mixture of concentrated, nitric and sulphuric acids. 


CH> OH CHE O —NO, 
CH—OH + 3HO-No, Sene, cH— —O—-NO, +3H,O 
CH; OH ^  CH-O—NO, 
Tri nitro glycerin (explosive) * 


Nitroglycerine is also used to widen arteries in the treatment of heart problem. 


4- Polyhydric alcohols 


CH,OH 
(a 
: HO od 
(CHOW), (CHOH), 
CH, OH CH, OH 
condensed ec el formula of glucose condesed Structural formula of fractose 
Phenols 
OH OH OH 
OH OH 
OH 
Pyrogallol Catechol Phenol 
(1.2.3 trihydroxy  (1.2.dihydroxy 
Benzene) Benzene) (Hydroxyl Benzene) 


-Phenol (carbolic acid) C;H;OH: 
Preparation of phenol. 
1- From fractional distillation of coal tar. 


2- From halogenated aromatic compounds, by the hydrolysis of chlorobenzene with 
sodium hydroxide at high temperature and high pressure 300 atmospheres. 


«Y 
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Cl 


OH 
«NaOH —200C ig 0 
o NaCl 
(aq) 300°atm.p. ( aq) 
(4 (v) 


Physical properties: 
Phenol is a solid corrosive substance. It has a characteristic odour, melts at 43'C. 


Phenol is sparingly soluble in water, its solubility in water increases by raising the 
temperature, it becomes completely miscible with water at 65'C. 

Chemical properties : 

1- Acidity of phenol compared to alcohols: 


Points of R-OH alcohol 


comparison 


Reaction with R-ONa-*H; 


sodium metal 


Reaction with No reaction 


sodium hydroxide 


2- Rection of phenol with halogen acids compared to alcohols: 


Point of comparison OH 
R-OH 
Alcohol phenol 
Reaction with HCI RCI +20 Do not react due to the 
strong bond between 
oxygen and benzene ring. 


f 
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3- Nitration of phenol : 
OH OH 


Conc.H,SO4 
+ 3HNO ¬ +3H,O 


7 4 (s) 4 


NO; 


"Trinitrophenol( Picric acid) 


H 


4- With formaldehyde : H-C-0 

Phenol reacts with formaldehyde in acidic or alkaline medium to form copolymer, 
then polymerization process takes place by condensation to form bakelite polymer. 
Detection of phenol. 

1- | On adding few drops of iron III chloride solution to phenol, a violet colour is 
produced. 


2- On adding bromine water to phenol, a white precipitate is produced. 


Carboxylic acids 


Carboxylic acids are characterized by the presence of one or more carboxylic group (- 
COOH). The carboxylic group may be attached to an alkyl radical to give an aliphatic 


acid , or attached directly to a benzene ring and give aromatic acids. 


n 
- H 
R-C=0 
Aromatic acid Aliphatic acid 


The saturated monocarboxylic aliphatic acids are named fatty acids because many of 
them are present in fats in the form of ester with glycerol. 


qro 
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The carboxylic group (-COOH) is the functional group of organic acids . It is composed 


of two groups i.e. the carbonyl group and the hydroxyl group) x__ (-OH). 
rr 2C-0 
Types of carboxylic acids: 
A) Monocarboxylic acids (Monobasic) 
-COOH 
HCOOH Formic acd 

Benzoic 

acid 
B) Diccarboxylic acids (Dibasic acids) 

COOH 

Looe 
COOH COOH 


Oxalic acid 


Phthalic acid 


Nomenclature of carboxylic acids | 


The common names: The carboxylic acids are usually named by common names 
which are derived from the Latin name of the source from which the acid is prepared. 
IUPAC nomenclature : 

The common name of acids are more used than the other common names of organic 
compounds . In the (IUPAC) nomenclature of acids , the name of the acid is derived 
from the name of the corresponding Alkane that contains the same number of carbon 
atoms by adding the suffix (oic) to the name of alkane instead of the letter (e). 

The following table shows the common and (IUPAC) names of some carboxylic acids. 


Formula Common name Corresponding alkane IUPAC 


HCOOH Formic acid Ants Methane Methanoic acid 
Ant (Formica) 


CH; COOH Acetic acid Ethane Ethanoic acid 
Vinegar (Acetum) 


C3 H7 COOH Butyric acid Butane Butanoic acid 
Butter (Butyrum) 


C,5H3;-COOH Palmetic acid Hexadecane Hexadecanoic acid 
(Palm oil) (Contain16 carbon 
atoms) 


Acetic acid: 
The methods of preparation of acetic acid in industry: 


0 
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1- Biological method: 

Acetic acid (Vinegar) is prepared in ( Egypt) by the oxidation of diluted alcoholic solutions 
by atmospheric oxygen in the presence of a special type of bacteria known as vinegar 
bacteria. 

2- Preparation from acetylene: 

Acetic acid is prepared in industry on a large scale by catalytic hydration of acetylene 
where acetaldehyde is produced, which is easily oxidized to the acid. 


H QE 
H,SO, (40%) l [O] 
H-C =C-H+H,0 HESO, eoc CH; -C= O حت‎ CH; -C=O 
)56( A (A (A 


General properties of aliphatic acids: 

Physical properties : 
By comparing the boiling points of carboxylic acids with those of alcohols which have 
the same number of carbon atoms , we find that the boiling point of acids are higher . 
This is attributed to the association of molecules by hydrogen bonds. Each acid 


molecule is linked to another molecule by two hydrogen bonds . 


Molecular 
Acid Molecular mass b.p °C Alcohol b.p° C 
mass 
Formic 46 100 Ethanol 46 78 
Acetic 60 118 Propanol 60 98 


ev 
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Chemical properties 


1- Reactions attributed to the hydrogen ion : 
* Acidity and salt formation : 
2 CH3COOH (aq) + Mg (s) > (CH3;COO)2Mg (aq) + H» (g) 
Magnesium acetate 
CH3COOH (aq) + NaHCO.) ڪڪ‎ oo CH3COONa (ag + H;Ou* CO; 
sodium acetate 
2- Reactions attributed to hydroxyl group 
* Ester formation 
Organic acids reacts with alcohols to form ester and water. 
O OR 
1 | 
R- C =OH +H-OR —=> R-C-O*H,O 
3- Reactions attributed to the carboxylic group: 
Carboxylic acids are reduced by hydrogen in the presence of copper chromate CuCrO, 


at 200°C as a catalyst. Ethanol may be prepared from acetic acid by this method. This 
reaction is opposite to that of oxidation of alcohols to acids. 


O 
| 
CH,-C-OH + 2H, Ts »CH,-CH,-OH+H,O 
(a fy 700 V w) 
Detection of acetic acid : 
1- Acidity test. 2- Ester formation test. 


FA 
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Benzoic acid Phthalic acid 
monobasic dibasic acid Salicylic acid 


Benzoic acid can be prepared commercially by the oxidation of toluene by the proper 
oxidizing agent. It is prepared commercially by the oxidation of toulene in 


atmospheric air at 400°C and in the presence of vanadium pentoxideV;O;. 


CH; COOH 
V205 
25-2 
2 +302 400% 2H20) 
(aq) 
(4 Benzoic acid 
monobasic 


Aromatic acids are generally stronger, less soluble in water and less volatile than 
aliphatic acids. The reaction of the carboxylic group resembles that of aliphatic acids. 
This can be represented by the formation of salts with metals, their hydroxides or 


carbonates and the formation of esters with alcohols. 


COOH COONa 
( + NaOH ——- + H2O مم‎ 
(aq) (aq) (aq) 
Benzoic acid Sodium benzoate 
COOH COOC3Hs 
+ c;H0H هك‎ HCL + H20 م‎ 
(aq) (aq) (aq) 


Benzoic acid Ethyl benzoate 
Carboxylic acids in our life: 


1- Formic acid:- 


It is used in the manufacture of dyes , insecticides, perfumes, drugs and plastics. 


«64 


gogo‏ الدكتور محمد 9j)‏ معام الكيمياء التعايمى 


مفاهيم الكيمياء باللغة الإنجليزية الصف الثالث الثانوي 


2- Acetic acid: 

It is considered as a starting material for the synthesis of many organic products . 
e.g. synthetic silk, dyes , insecticides and food additives. 

3-Benzoic acid: 


Sodium benzoate 0.1% is used as foods preserving substance, because it prevents the 


growth of fungi on foods. 


H 
4- Citric acid: H- c -COOH 
| 
1 HO-C-COOH 
It prevents the growth of bacteria | 
Hoe -COOH 
in foods because it decreases their (pH) .It has many H 


industrial uses, and is added to frozen fruits to retain their 


colour and taste OH 


| 
CH,-CH-COOH 


5- Lactic acid 


6- Ascorbic acid vitamin (c): 


Lack of vitamin C leads to deterioration of some biological functions in the human 
body and the infection whith "Escarpot" disease, from its symptoms, bleeding of gum 


and joints swelling. 


7- Salicylic acid 


It is used in the manufacture of cosmetics specific to skin , because it make it more 
soft, flexible and protect it against sun rays and in elimination of skin warts and acne. 


It is also used in preparation of Aspirin. 


8- Amino acids 


N Hr (H-CH,COOH > NH,-CH,-COOH 


Anino group Acetic acid Glycine (amino acetic acid) 
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The amino acids which form proteins are of the (a) amino type, i.e. the amino group is 


attached to the (a) carbon atom which is directly attached to the carboxylic group. 


oc 
Proteins are considered as polymers of amino acids R- CH - COOH 


NH2 


Esters are the products of the combination of carboxylic acids with alcohols. This can 
be represented by the general formula. 


O 


O 
1 1 
R—C-OH + H| OR R—C—OR +H,0 


Acid Alcohol Ester 
The name of an ester is derived from the name of the acid radical and the name of the 
alkyl group of the alcohol as shown by the following examples 


HCOOCH, CH,COOCH,CH, COOCH 
Methyl formate Ethyl acetate 25 


Ethyl benzoate 
The direct method for the preparation of esters, is the reaction between the carboxylic 


acid and the alcohol. For example, the ethyl acetate is obtained by the reaction of acetic 


acid and the ethyl alcohol. 


CH,COOH + C,H,OH CH,COOC,H, + H,O 
(4 (4 (aq) (4 


Acetic acid ethanol ethyl acetate 


Physical properties: 


The The acid Alcohol Ester 
molecular —— 

i Acetic acid propanol Methyl 
weight = 

CHCOOH C3H7OH pue 
60 g/mol ١ id 
HCOOCH3 
Boiling 118°C 97.8 °C JBC 
ewy 
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point 
The C3H;COOH C,H gOH CH3COOCH3 
molecular : 
d Propanoic butanol Methyl 
weight = : 
acid acetate 
74 g/mol — $ 5 o 
Boiling 141 € 118 € 54 € 
point 


Chemical properties : 
1- Hydrolysis Alcohol and acid are produced from the hydrolysis of ester i.e. reverse 
to ester formation reaction. 


0 
1 1 
R—C-OR + HO جل‎ R-C-0H + ROH 


a- Hydrolysis may take place by the use of dilute mineral acids as a catalyst and is 
called (acid hydrolysis). 


O 
Il " 
H,C-C-OC,H, + HjO—L— CH,COOH + C,H,OH 
7 d (aq) (4 
b- Hydrolysis of esters may also be carried out by heating with aqueous alkalis, to 


produce the alcohol and the salt of the acid. This is called alkaline- hydrolysis or 
saponification (Since soap is the sodium salt of high carboxylic acids). 


CH,COOC,H, +NaOH — CH COONa+C,H,OH 


3 
ethyl acetate ud (aq) sodium acetate (aq) 2 


C,H,COOC,H, +NaOH ج‎ C,H,COONat+C,H,OH 


ethyl benzoate (4 (aq) sodium benzoate (aq) A 


2- Ammonolysis : 


Esters react with ammonia to give acid amide and the alcohol. 


O O 
I I 
H,C-C-OC,H, + NH, — CH,-C-NH, +C,H,OH 
ethyl acetate y (g) acetamide بن‎ (4 
eve 
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0 0 

ll ll 
C,H,-C-OC,H, + NH, —> C,H, —C-NH, +C,H,OH 
ethyl bezoate ý (g) benzamide 7 


Esters as Fats and oils: 


O O 
Il 1 
CH,OH HO- C-R, CH,-O- C-R, 
CH OH 0 | 0 
l 1 
CH,OH + HO-C-R, — CH-O- C-R, +3H,0 
O | O 
l 1 
HO-C-R CH,-O- C -R, 
glycerol 3 molecules of fatty acids triglyceride ester 


Esters as polymers (Poly ester): 


The most common poly ester is Dacron fibers which are prepared by the reaction 


between terphthalic acid and ethylene glycol (ester formation reaction). 


9 D 
0 
)يمه‎ -C-OH + HO-CH;-CH;-OH 
. . Ethylene glycol 
Terphthalic acid -H,O 
9 T 
fl 
)يمه‎ -C-O- CH;- CH;- OH 
a 3 
Attack by an alcohol Attack by an acid 


Esters as medical drugs : 


Organic esters are used in the manufacture of many drugs, the most common and 
simplest one is aspirin and oil of winter green (Marookh oil) which is used as local oil 


absorbed by the skin to decrease the pains of rheumatism. 
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The acid which is used in the manufacture of these two drugs is salicylic acid. Its 
molecule contains both the carboxylic and hydroxyl groups. It reacts as an acid or as 


an phenol as following equations. 


8 m 
.C-[oH H+}+0O-cH, dO I 
ES 
Methanol OH (s) d SCA 
Salicylic acid OH A Marookh oil (Methyl salicylate) 
R © 
C —OH 


2C—OH 
» (ظ‎ T +0 
Salicylic acid ا‎ H m CH, 2 


( Acetic acid Aspirintt (Acetyl Hs CÓ acid) 


Aspirin 


Aspirin is the important drug which reduces the headache pains and temperature It 
also reduces the blood clotting and prevents the heart crises. The active substance in 
aspirin is salicylic acid however, the addition of acetyl group to the acid decreases its 


acidity effect and becomes tasteless. 


COOH COOH 


0— c —CH, 
+ HO "ER * chc —OH 


Aspirin is hydrolysis in the body to produce salicylic acid and acetic acid. 


The produced acids causes the excitation of stomach walls, and may cause stomach 
ulcer. Therefore doctors advice to crush the aspirin tablet as a powder before 
swallowing or taking it dissolved in water. There is a type of aspirin mixed with an 


alkaline substance like. aluminum hydroxide to neutralize the acidity produced. 


TL 
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